Abstract: The quality of atmospheric air and the level of its pollution is inextricably linked with the development of humanity. Its prevalence and the lack of any natural protective barriers causes that it becomes a recipient of increasingly large amounts of different types of pollutants. This is particularly dangerous in the areas where both meteorological conditions and type of building prevent the spread of pollution. By using a portable gas micro-chromatograph it is possible to observe and analyze a seasonal impact of building density on carbon dioxide concentration and the effect of atmospheric conditions on CO2 level in the air in a specified area.
Introduction
The quality of atmospheric air and the level of its pollution is inextricably linked with the development of humanity. In the past, the scale of industrial production and limited industrialized area caused that air pollution occurred only locally. This changed at the time of a global increase of industrial production and demand for energy, intense growth in population density and development of the road system and transportation.
Atmospheric air is an element of the environment and is of particular importance for the existence of life on Earth. At the same time, because it is common and does not have any natural protective barrier the air becomes a recipient of increasingly large quantities of various pollutants. For this reason, the impact of air pollution should be considered not only globally, but also in continental, national and local scale, because even single anomalies can affect the entire state of atmospheric air.
Both atmospheric air and its pollutants are subject to many physicochemical processes which lead to changes in their concentrations. These are the processes analogous to decay of radioactive material whose half-life depends on many factors, eg insolation, precipitation, or the interaction of pollutants [1] .
It is not easy to determine the impact of various pollutants on the human body and/or surrounding environment. For this reason a system for air monitoring and protection is necessary.
In Poland, air quality is controlled within the provincial air quality assessment systems that are supervised by Provincial Environmental Protection Inspectorates. In the Lodz region this is implemented by various measurement networks which are divided according to measurement methodology, ie according to the degree of accuracy and frequency of measurements ( Fig. 1) [2] . Fig. 1 . Organization chart of the provincial air quality monitoring system in Poland [2] The Lodz measurement system consists of three measurement networks [2] : a network of automatic measurements (continuous), a network of manual measurements (average daily), a network of passive measurements (monthly) (Fig. 1) .
The measurement networks provide data for mathematical models which are the basis to prepare annual and five-year documents assessing air quality. If the report contains information that certain permissible pollutant levels in the air are exceeded, then boards of provinces formulate air protection programs which present obligations of local authorities concerning investments and organizational activities to reduce them [2] .
Initial, annual and five-year reports assessing air quality are prepared for a specified assessment zone. According to the European Parliament Directive (2008/50/EC) [3] since 2010 these zones are:
agglomerations with a population of more than 250 thousand, -towns with a population of over 100 thousand, -other areas of the province. Lodz province is divided into two assessment zones: "Lodz agglomeration" and "Lodz zone" (Fig. 2) . Fig. 2 . Air quality assessment zones [2] The all-Polish environmental law is based on EU environmental legislation. It was implemented before accession in 1999-2001. The main regulation on air protection is based on CAFÉ Directive [3] . Unfortunately, very often we breathe air that does not meet European standards, and the scale of this problem is best illustrated in Figure 3 . Fig. 3 . Percentage of urban population exposed to air pollution exceeding EU air quality standards [4] The areas of knowledge and science related to air protection have now become key ones for people and natural environment. For this reason, all over the world air pollution measurements, analyzes and calculations are carried out and effects of these actions are reflected, for example, in economy [5] [6] [7] , ecology [8] [9] [10] , agriculture [11] [12] [13] or medicine [14] [15] [16] .
Factors affecting the state of air pollution
The state of air pollution is affected by various factors ( Meteorological factors vary depending on the global and local climate conditions. Changes occur not only in dependence of the season of year but also on the time of day or night and they may have effect not only on the specific area but also on more or less distant regions.
Topographical factors include all sorts of obstacles such as buildings, arterial roads, surface features, wooded areas or water reservoirs.
Characteristics of the tested area
The recent area of the Lodz University of Technology is divided into a northern part, where the buildings are marked with the letters 'A' and 'C' and the southern part, where the buildings are marked with the letter 'B'. The entire campus occupies a total of approximately 32 hectares on which there are buildings of various departments, student dormitories and parking lots for students and staff. Various parts of the campus are surrounded by arterial roads with considerable traffic.
Studies on the effect of building density and meteorological conditions on the level of carbon dioxide in the area of the university were conducted for two years (2012 and 2014) in Campus B, ie southern part of the Lodz University of Technology which through the M. Klepacz park on the north is adjacent to Ksiadz Harcmistrz Ignacy Skorupka Street, and on other sides is surrounded by Wolczanska Street (on the east), General Walery Wroblewski Street (on the south) and Al. Politechniki (on the west). In addition, on the south west this area is in close vicinity to the urban power plant EC2 (Fig. 5) [17] . The analyzed area covers about 16 hectares of which a large part is occupied by the nineteenth-century palaces and revitalized post-industrial buildings of the former Lodex factory. The complex comprises 19 buildings that belong to the Lodz University of Technology. Significant part of Campus B occupy paved surfaces such as roads and parking lots. The area is characterized by diverse buildings. There are both the regions of compact settlement and predominant biologically active areas [17] .
Because while performing test measurements a significant impact of building density on carbon dioxide content in the air was observed, the measuring points were located so as to determine the dependence of building density on carbon dioxide concentration in the air. For this reason Campus B was divided into 4 regions with diversified building density (Fig. 6) . A reference area was the area adjacent to the building of the Faculty of Civil Engineering, Architecture and Environmental Engineering (Fig. 7) . Next regions were separated from the area of Campus B so as to keep the same reference area. The reference area was 1.5 ha (Fig. 8 refers to region 2, Fig. 9 to region 3, while Fig. 10 to region 4) . 
Measurement methodology
The concentrations of CO 2 in selected areas were measured using a portable gas micro-chromatograph (Pollution S.p.A.) (Fig. 11) . The device is used to analyze gaseous pollutants in field conditions. Owing to two columns that are operating in parallel, it can analyze a broad spectrum of gases during a single measurement. The applied thermal conductivity detector (TCD) enables to analyze samples with a minimum concentration of 500 ppb in a period from 6 to 300 seconds, depending on the type of a tested gas [19] . The carbon dioxide concentrations were measured using a PPQ packed column installed in the VEGA-GC micro-chromatograph (Table 1) . Each measurement was performed in an interval of 90 seconds. In the measurements a method developed by Cichowicz and Wielgosinski [17] to measure carbon dioxide with the VEGA-GC micro-chromatograph was used. During the measurements the device was directed toward the unbuilt area (toward the pavement). An external device equipped with a GPS receiver was applied. At the beginning of dosing a sample to the device the date, time and GPS coordinates were written on the memory card.
The building area was determined from the geodetic map as the built-up area, ie the sum of surfaces of the ground floor of all buildings in the area calculated in the outer contour of walls (with clearances and arcades). The number of storeys of buildings in the analyzed areas was determined and average height of a storey per building was assumed. Owing to this, by multiplying the built-up surface by the number of storeys and average storey height, the volume of the building was obtained. The surface of the area divided by the total volume of buildings in the area allowed us to estimate building density in the area. This value was referred to the arithmetic mean of carbon dioxide concentrations from the measuring points located in the region [17] .
Meteorological conditions during the measurements were determined on the basis of data from the meteorological station (Table 2) in the Wladyslaw Reymont Airport in Lodz [21] . As the meteorological station is about 5 km in a straight line from the university campus, the data were used to determine general meteorological conditions for this part of the city. The level of carbon dioxide on the analyzed area Figures 12 and 13 show the effect of CO 2 concentration depending on the building density in Campus B. In March 2012 (Fig. 12) there was a slight increase in the mean arithmetic level of carbon dioxide in the air with an increase of building density. In April 2012 no impact of CO 2 concentration in dependence of building density was observed. In March and April 2014 (Fig. 13) there was a slight increase in the mean arithmetic level of carbon dioxide in the air with an increase of building density. However, this effect is partly distorted. Another analysis involved determination of the impact of weather conditions on carbon dioxide concentration in the atmosphere at Campus B of Lodz University of Technology. Results of the measurements were compared with data from Lodz-Lublinek meteorological station. A representative area was the surrounding of the building of the Department of Scientific Publications, at which in 4 outer corners the measuring points were located (pts. 50-53). The area was selected because the building was least protected from the wind (Figs. 14 and 15 ) and wind speed (Figs. 16 and 17) . In 2012 (Figs. 14 and 16) no effect of weather conditions on carbon dioxide concentration was observed. In 2014 such effect could be observed only in dependence of wind speed (Fig. 15) . 
Conclusions
Using a portable gas micro-chromatograph precise measurements of carbon dioxide concentration in the atmosphere at a university campus were made. Based on the research it can be assumed that in the analyzed area there are local fluctuations in CO 2 concentrations which can have a negative effect on the users of this area. The impact of carbon dioxide concentration in dependence of building density was also observed. However, the effect of a weather conditions on carbon dioxide concentration in the air was not confirmed.
